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$EVWUDFW²([RVNHOHWRQDVVLVWHGWKHUDS\KDVEHHQUHSRUWHGDVDVLJQLILFDQWUHGXFWLRQLQLPSDLUPHQWDQGJDLQLQIXQFWLRQDODELOLWLHVRI
VWURNHSDWLHQWV,QWKLVSDSHUZHFRQGXFWDV\VWHPDWLFUHYLHZRQWKHXSSHUOLPEUHKDELOLWDWLRQXVLQJURERWLFH[RVNHOHWRQV\VWHPV7KLV
UHYLHZLVEDVHGRQW\SLFDOPHFKDQLFDOVWUXFWXUHVDQGFRQWUROVWUDWHJLHVIRUH[RVNHOHWRQVLQFOLQLFDOUHKDELOLWDWLRQFRQGLWLRQV$YDULHW\RI
XSSHU OLPE H[RVNHOHWRQV DUH FODVVLILHG DQG UHYLHZHG DFFRUGLQJ WR WKHLU UHKDELOLWDWLRQ MRLQWV 6SHFLDO DWWHQWLRQV DUH SDLG WR WKH
SHUIRUPDQFH FRQWURO VWUDWHJLHV DQG PHFKDQLVP GHVLJQV LQ FOLQLFDO WULDOV DQG WR SURPRWH WKH DGDSWDELOLW\ WR GLIIHUHQW SDWLHQWV DQG
FRQGLWLRQV )LQDOO\ ZH DQDO\]H DQG KLJKOLJKW WKH FXUUHQW UHVHDUFK JDSV DQG WKH IXWXUH GLUHFWLRQV LQ WKLV ILHOG :H LQWHQG WR RIIHU
LQIRUPDWLYH UHVRXUFHV DQG UHOLDEOH JXLGDQFH IRU UHOHYDQW UHVHDUFKHU¶V IXUWKHU VWXGLHV DQG H[HUW D IDUUHDFKLQJ LQIOXHQFH RQ WKH
GHYHORSPHQWRIDGYDQFHGXSSHUOLPEH[RVNHOHWRQURERWLFV\VWHPV

,QGH[7HUPV²5RERWDVVLVWHGUHKDELOLWDWLRQ8SSHUOLPEH[RVNHOHWRQ&OLQLFDOWULDOV

, ,1752'8&7,21
6WURNHLVRQHRIWKHPDMRUKHDOWKFDUHLVVXHVLQWKH8QLWHG6WDWHV>@-DSDQ>@8.>@(XURSHDQ8QLRQ>@$XVWUDOLD1HZ
=HDODQG>@DQGUHVWRIWKHZRUOG>@,QWKH8QLWHG6WDWHVLWLVWKHVHFRQGELJJHVWFDXVHRIGHDWKDQGPDMRUFDXVHRIDGXOWGLVDELOLW\
>@$FFRUGLQJWRILJXUHVIURPWKHVWURNHIRXQGDWLRQRI1HZ=HDODQGDQQXDOO\DURXQGPLOOLRQSHRSOHVXIIHUIURPVWURNHDQG
RIWKHPDUHQHZVWURNHV>@7KHVWURNHGDWDIURPWKHOHVVGHYHORSHGRUGHYHORSLQJFRXQWULHVDUHQRWUHJXODUO\XSGDWHGDQG
WKHUHIRUHQRWHDVLO\DYDLODEOH+RZHYHULWLVHVWLPDWHGWKDWSHUFHQWDJHRIVWURNHUHODWHGGLVDELOLW\LVDORWKLJKHULQWKHVHFRXQWULHV
>@$VWURNHRFFXUVZKHQEUDLQFHOOVDUHLPSDLUHGGXHWRLQWHUUXSWLRQRIEORRGVXSSO\WRWKHEUDLQRUGXHWRDFFXPXODWLRQDQG
VXEVHTXHQWFRPSUHVVLRQRIWKHEUDLQGXHWRUXSWXULQJRIEORRGYHVVHOV$VDUHVXOWWKHVWURNHSDWLHQWH[SHULHQFHVDORVVRISK\VLFDO
VWUHQJWKRQRQHVLGHRIWKHERG\SDUDO\VLVRUKHPLSOHJLD7KLVJUHDWO\DIIHFWVWKHSDWLHQW¶VDELOLW\WRSHUIRUPGDLO\OLIHZRUNDQG

15HKPDWLVZLWK'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ7KH8QLYHUVLW\RI$XFNODQG$XFNODQG1HZ=HDODQG
-=XR:0HQJDQG4/LXDUHZLWK6FKRRORI,QIRUPDWLRQ(QJLQHHULQJ:XKDQ8QLYHUVLW\RI7HFKQRORJ\:XKDQ&KLQD
:0HQJDQG64;LHDUHZLWK6FKRRORI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ8QLYHUVLW\RI/HHGV8.FRUUHVSRQGLQJDXWKRUVT[LH#OHHGVDFXN
+/LDQJLVZLWK&ROOHJHRI(OHFWURPHFKDQLFDO(QJLQHHULQJ4LQJGDR8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\4LQJGDR&KLQD
8SSHU/LPE5HKDELOLWDWLRQXVLQJ5RERWLF
([RVNHOHWRQ6\VWHPV$6\VWHPDWLF5HYLHZ
1DTDVK5HKPDW-LH=XR:HL0HQJ4XDQ/LX6KHQJ4;LHDQG+XL/LDQJ
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DFWLYLWLHV$IWHUWKHVWURNHSDWLHQWVDUHDGYLVHGWRXQGHUJRWKHUDS\VHVVLRQVWRUHGXFHLPSDLUPHQWDQGUHFRYHUIXQFWLRQDODELOLW\,Q
WKHODVWWZRGHFDGHVYDULRXVURERWLFV\VWHPVKDYHEHHQGHYHORSHGWRDVVLVWVWURNHVXUYLYRUVGXULQJWKHUHKDELOLWDWLRQSKDVH7KHVH
GHYLFHVFDQDVVLVWSDWLHQWVGXULQJUHKDELOLWDWLRQSKDVHWRUHVWRUHVRPHIXQFWLRQORVWGXHWRWKLVLQMXU\7ZRNLQGVRIURERWLFGHYLFHV
DUHFXUUHQWO\DYDLODEOHIRUXSSHUOLPEUHKDELOLWDWLRQLQFOXGLQJDQHIIHFWRUURERWVDQGH[RVNHOHWRQURERWV$QHQGHIIHFWRUURERWLV
EDVHGRQLQGXVWULDOURERWDUPZKHUHKXPDQXSSHUOLPEKDQGRUIRUHDUPLVDWWDFKHGWRWKHURERWWKURXJKRQHSRLQWDQGWKHURERW
H[HUWIRUFHRQO\DWWKLVSRLQW>@:LWKRQHSK\VLFDOLQWHUIDFHLWLVYHU\GLIILFXOWWRIXOO\GHWHUPLQHWKHSRVWXUHRIWKHXSSHUOLPE
7KLVLVGXHWRWKHIDFWWKDWXSSHUOLPEFRQVLVWVRIWZRXQFRQVWUDLQHGSDUWVKXPHUXVDQGIRUHDUPDQGWKH\DUHIUHHWRPRYHDERXW
WKHLUSLYRWDWVKRXOGHU DQGHOERZ:LWKRQO\RQHSK\VLFDO LQWHUIDFHDQHQGHIIHFWRUURERWFDQQRWFRQWUROHDFKLQGLYLGXDO MRLQW
LQGHSHQGHQWO\$VDUHVXOWDQHQGHIIHFWRUURERWKDVDOLPLWHGZRUNVSDFHZLWKPRYHPHQWLQHLWKHUURERWMRLQWVSDFHRU&DUWHVLDQ
VSDFH([DPSOHVRIHQGHIIHFWRUGHYLFHVDUH0,70DQXV>@0,0(>@$50*XLGH>@%L0DQX7UDFN>@DQG*HQWOHV
V\VWHP>@$QH[RVNHOHWRQW\SHGHYLFHKDVDVLPLODUVWUXFWXUHWRWKHKXPDQDUPDQGLVDWWDFKHGWRWKHVLGHRIWKHKXPDQDUPDW
PXOWLSOHORFDWLRQV7KHMRLQWVD[LVRIH[RVNHOHWRQURERWPDWFKHVWKDWRIWKHKXPDQXSSHUOLPEMRLQWD[LV7KHSK\VLFDOLQWHUIDFHDW
PXOWLSOHORFDWLRQVPDNHVLWPXFKHDVLHUWRIXOO\GHWHUPLQHSRVWXUHGXULQJWKHPRYHPHQW7KLVDOVRDOORZVFRQWUROOLQJWKHWRUTXH
DSSOLHGWRHDFKLQGLYLGXDOMRLQW6LQFHWKHH[RVNHOHWRQLVDWWDFKHGWRWKHVLGHRIWKHKXPDQDUPWKHUHIRUHLWFDQFRYHUWKHZKROH
UDQJHRIXSSHUOLPEPRWLRQ:LWKH[RVNHOHWRQURERWDQ\SDUWRIXSSHUOLPEFDQEHWDUJHWHGIRUWUDLQLQJ8QOLNHDQHQGHIIHFWRU
URERWDQH[RVNHOHWRQURERWKDVDODUJHUDQJHRIPRWLRQ([DPSOHVRIXSSHUOLPEH[RVNHOHWRQGHYLFHVDUH68()8/>@$50LQ
,,, >@ &$'(1 >@ 583(57>@ 7KH URERWLF V\VWHPV XVHG IRU XSSHU OLPE UHKDELOLWDWLRQ FDQ EH VWXGLHG EDVHG RQ WKHLU
PHFKDQLFDO VWUXFWXUH FRQWURO V\VWHP DQG FOLQLFDO DSSOLFDWLRQV 7KH PHFKDQLFDO FRQILJXUDWLRQ > @DQG FRQWURO
V\VWHPV>@KDYHEHHQUHYLHZHGSUHYLRXVO\$GHWDLOHGLQVLJKWRQYDULRXVHQGHIIHFWRUEDVHGV\VWHPDQGWKHLUDSSOLFDWLRQLQ
VWURNHUHKDELOLWDWLRQKDYHDOVREHHQFDUULHGRXW>@*RSXUDHWDOSURGXFHGDGHWDLOHGVWXG\RQWKHHIIHFWLYHQHVVRIWKHURERWLF
V\VWHPLQXSSHUOLPEUHKDELOLWDWLRQKRZHYHURQO\IHZH[RVNHOHWRQEDVHGVWXGLHVZHUHGLVFXVVHGLQWKDWUHYLHZ>@&KDQJHWDO
UHYLHZHGYDULRXVHQGHIIHFWRUDQGH[RVNHOHWRQEDVHGFOLQLFDOVWXGLHV>@%XWWKLVUHYLHZGLVFXVVHGRQO\IRXUVWXGLHVXVLQJWKH
H[RVNHOHWRQ WR SURYLGH UHKDELOLWDWLRQ 6R LQ WKLV SDSHU ZH ZLOO UHYLHZ YDULRXV VWXGLHV RQ XSSHU OLPE UHKDELOLWDWLRQXVLQJ WKH
H[RVNHOHWRQEDVHGV\VWHP
7RWKHDXWKRUV¶EHVWNQRZOHGJHWKHUHKDVQRWEHHQDFRPSUHKHQVLYHUHYLHZRQGHVLJQDQGFRQWURORIXSSHUOLPEUHKDELOLWDWLRQ
H[RVNHOHWRQLQFOLQLFWUDLOV+HQFHZHLQWHQGWRFRQGXFWDQV\VWHPDWLFDQGLQIRUPDWLYHVXUYH\ZKLFKFDQEHVHUYHGDVDUHOLDEOH
JXLGDQFHIRUVFLHQWLVWVDQGHQJLQHHUVZKHQWKH\HQJDJHLQVRIWUHKDELOLWDWLRQURERWV,QSDUWLFXODUWKHDOOURXQGFRPSDULVRQVRI
H[LVWLQJUHKDELOLWDWLRQURERWVDUHEDVHGRQ WKHSXEOLVKHGDYDLODEOHGDWDWRPDNHUHVHDUFKHUV IXOO\DZDUHRI WKHOLPLWDWLRQVDQG
DGYDQWDJHVRIGLYHUVHPHFKDQLFDOGHVLJQVDQGFRQWUROVFKHPHV)URPWKHUHVHDUFKSRLQWRIYLHZWKLVSDSHUZLOODOVRJHQHUDWHWKH
FXUUHQWUHVHDUFKJDSVDQGIXWXUHGLUHFWLRQVSURPRWLQJWKHDGYHQWRIPRUHFRPSOLDQWDGDSWDEOHLQWHOOLJHQWDQGPDWXUHURERWVWR
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VDWLVI\WKHVKDUSO\LQFUHDVLQJUHKDELOLWDWLRQGHPDQGV7KHUHVWRISDSHULVRUJDQL]HGDVIROORZV6HFWLRQ,,DQG,,,FODULILHVXSSHU
OLPEH[RVNHOHWRQVZLWKYDULRXVPHFKDQLFDOVWUXFWXUHVDQGWKHLUFRQWUROVWUDWHJLHV,Q6HFWLRQ,9FOLQLFDOWULDOSHUIRUPDQFHRIWKHVH
H[RVNHOHWRQVDUHLQWURGXFHGDQGFRPSDUHG6HFWLRQ9GLVFXVVHVDQGDQDO\VHVWKHUHVHDUFKOLPLWDWLRQVDQGIXWXUHGLUHFWLRQV)LQDOO\
FRQFOXVLRQVDUHGUDZQLQ6HFWLRQ9,
,, 0(&+$1,&$/'(6,*1
7KHKXPDQXSSHUOLPELVDFRPSOH[DUHDZLWKWKUHHGLIIHUHQWPRYHPHQWFRPSOH[VKRXOGHUFRPSOH[HOERZFRPSOH[DQGZULVW
MRLQWFRPSOH[>@:LWKWKHVHWKUHHPRYHPHQWFRPSOH[HVWKHXSSHUOLPEKDVWRWDOGHJUHHVRIIUHHGRP>@7KHVKRXOGHU
MRLQWHIIHFWLYHO\KDVGHJUHHVRIIUHHGRPWKUHHGHJUHHVGXHWR*OHQRKXPHUDOMRLQWDQGGHJUHHVGXHWRVWHUQRFODYLFXODUMRLQW>@
7KH PRYHPHQW DW WKH VKRXOGHU MRLQW LV VKRXOGHU DEGXFWLRQDGGXFWLRQ VKRXOGHU IOH[LRQH[WHQVLRQ LQWHUQDOH[WHUQDO URWDWLRQ
VKRXOGHUGHSUHVVLRQHOHYDWLRQDQGUHWUDFWLRQSURWUDFWLRQ7KHHOERZDQGZULVWMRLQWVHDFKKDYHWZRGHJUHHVRIIUHHGRPLHHOERZ
IOH[LRQH[WHQVLRQ IRUHDUP VXSLQDWLRQSURQDWLRQ ZULVW IOH[LRQH[WHQVLRQ DQG ZULVW XOQDUUDGLDO GHYLDWLRQ 0DMRULW\ RI WKH
H[RVNHOHWRQURERWVGHYHORSHGIRUXSSHUOLPESURYLGHDFWXDWLRQDWRQO\VKRXOGHUDQGHOERZ>@2QO\DIHZGHYLFHV
SURYLGHDGGLWLRQDODFWXDWLRQIRUWKHIRUHDUPZULVWDQGVWHUQRFODYLFXODUMRLQWV>@2QO\RQHH[RVNHOHWRQ8/(;2>@RXW
RIWHQXVHGLQFOLQLFDOWULDOVVXSSRUWVHYHQGHJUHHVRIIUHHGRPWKHUHPDLQLQJRQO\SURYLGHVDVVLVWDQFHDWWKHVKRXOGHU'2)DQG
HOERZMRLQW'2)>@%\WUDLQLQJVKRXOGHUDQGHOERZMRLQWWKH\FRYHUWKHHQWLUHUDQJHRIPRYHPHQWIRUXSSHU
DUP+RZHYHUWKHLUHIIHFWLYHQHVVLQSURPRWLQJWKHXVHRIDQHQWLUHXSSHUOLPELVOLPLWHGDVPRVWRIWKHGDLO\OLIHWDVNLQYROYHVXVLQJ
KDQGDQGZULVWLQOLIWLQJHDWLQJGULQNLQJDQGPRYLQJWKHREMHFWVHWF7RVXFFHVVIXOUHWUDLQVWURNHVXUYLYRUVLQDFWLYLWLHVRIGDLO\
OLYLQJ DVVLVWHG PRYHPHQW VKRXOG DOVR EH GHOLYHUHG WR ORZHU DUP DQG KDQG :KLOVW GHVLJQLQJ WKH PHFKDQLFDO VWUXFWXUH RI
H[RVNHOHWRQWKHPHFKDQLVPIRUWKHFHQWUHRIURWDWLRQRIVKRXOGHUMRLQWPXVWDOVREHFRQVLGHUHG$ORWRIGHYLFHVDVVXPHVKRXOGHU
PRYHPHQWE\RQO\FRQVLGHULQJ WKHPRYHPHQWRI WKH*OHQRKXPHUDO MRLQWDV ³EDOO DQGVRFNHW W\SH MRLQW´7KLV LVDQRW FRUUHFW
DVVXPSWLRQDV WKH FHQWUHRI URWDWLRQRIKXPDQ VKRXOGHUFKDQJHVZLWKWKHPRYHPHQWRIVKRXOGHU MRLQW>@7KLVFDQFDXVH
PLVDOLJQPHQWEHWZHHQWKHURERWVKRXOGHUMRLQWDQGKXPDQVKRXOGHUMRLQW7KLVPLVDOLJQPHQWFDQFDXVHSDLQLQWKHVKRXOGHUMRLQW
DQGFDQKDYHEDGHIIHFWVRQSDWLHQWUHFRYHU\7KHHIIHFWRIWKLVPLVDOLJQPHQWPXVWEHFRQVLGHUHGGXULQJWKHGHVLJQSURFHVVDQG
DSSURSULDWHGHVLJQFKDQJHVVKRXOGEHPDGHWRFRPSHQVDWHWKLV/LNHZLVHWRDFKLHYHPXOWL'2)PRWLRQIRUZULVWRUDQNOHMRLQW
UHVHDUFKHUVSURSRVHGSDUDOOHODFWXDWLQJFRQILJXUDWLRQ>@+RZHYHUWKHVHSDUDOOHOW\SHH[RVNHOHWRQVVHHPWREHPDLQO\
GHVLJQHGIRUDQNOHUHKDELOLWDWLRQVLQFHWKHUHGXQGDQWVWUXFWXUHDUHQRWDFFHSWHGLQXSSHUOLPEUHKDELOLWDWLRQ
([RVNHOHWRQUHYLHZHGLQWKLVSDSHUFDQEHFDWHJRUL]HGLQWRWKUHHW\SHVDFWXDWHGE\DPRWRUDFWXDWHGE\SQHXPDWLFPXVFOHDQG
QRQPRWRULVHGDFWXDWLRQVXFKDVK\GUDXOLFRUVSULQJ/([RV>@8/([R>@*(17/(*>@5(+$52%>@
DQG$50LQ>@DUHDFWXDWHGXVLQJPRWRUV)LJ3QHX:UH[>@DQG%21(6>@DUHEDVHGRQSQHXPDWLFPXVFOHV
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DVVKRZQLQ)LJI7:UH[DQGLWVFRPPHUFLDOYHUVLRQ$50(26SULQJRQO\SURYLGHVJUDYLW\VXSSRUWWRWKHZKROHDUPZLWKQR
URERWLFDFWXDWLRQ>@LQ)LJJ7$%/(,SURYLGHVWKHGHWDLORIWKHVWXGLHVXQWDNHQXVLQJDQH[RVNHOHWRQV\VWHP7KH
FOLQLFDOWULDOVRIWKHVHH[RVNHOHWRQVVKRZHGWKHLUHIIHFWLYHQHVVLQUHGXFLQJLPSDLUPHQWGXHWRVWURNH+RZHYHUWKHUHLVQRHYLGHQFH
WRVXJJHVWWKDWSDUWLFXODUW\SHRIDFWXDWLRQLVPRUHKHOSDQGFOLQLFDOO\EHQHILFLDOWRWKHSDWLHQWV
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)LJ8SSHUOLPEUHKDELOLWDWLRQH[RVNHOHWRQDJLVUHSULQWHGIURP>@UHVSHFWLYHO\
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6HYHUDOW\SHVRIFRQWUROVWUDWHJLHVKDYHEHHQXVHGWRFRQWUROWKHPRYHPHQWRIXSSHUOLPEH[RVNHOHWRQ7KHH[RVNHOHWRQFDQ
EDVLFDOO\RSHUDWHLQWKUHHGLIIHUHQWZD\VSDVVLYHURERWGULYHQDFWLYHSDWLHQWGULYHQDQGFKDOOHQJHURERWUHVLVWVWKHDSSOLHG
IRUFH,IWKHURERWLFGHYLFHLVDFWLYHDQGWKHSDWLHQWLVSDVVLYHGXULQJWKHWKHUDS\VHVVLRQWKDQLWLVDURERWGULYHQFRQWUROVWUDWHJ\RU
SDVVLYHVWUDWHJ\6LPLODUO\LIWKHSDWLHQWLVDFWLYHDQGWKHURERWLVSDVVLYHWKDQLWLVDSDWLHQWGULYHQFRQWURORUDFWLYHVWUDWHJ\,Q
DGGLWLRQWRWKHVHDURERWFDQDOVRUHVLVWSDWLHQWPRYHPHQW WRPDNH LWPRUHFKDOOHQJLQJ IRU WKHSDWLHQW7KLV LVDQH[DPSOHRI
FKDOOHQJHEDVHGFRQWUROVWUDWHJ\7KHUHTXLUHPHQWVRIWKHVHPHWKRGVDUHGLIIHUHQWIURPHDFKRWKHU7KHSDVVLYHPRGHRIRSHUDWLRQ
LV EDVHG RQ WUDMHFWRU\ FRQWURO ZKHUHDV LQ WKH DFWLYH DQG FKDOOHQJH PRGHV FRQWURO GHFLVLRQ LV EDVHG RQ WKH PHDVXUHPHQW RI
LQWHUDFWLRQIRUFHEHWZHHQWKHKXPDQDQGH[RVNHOHWRQ7KHHIIHFWLYHQHVVRIDFWLYHDQGSDVVLYHFRQWUROVWUDWHJLHVKDYHDQDO\]HGLQ
YDULRXVH[RVNHOHWRQURERWV>@DVVKRZQLQ7$%/(,
3DWLHQWGULYHQ3DVVLYHFRQWUROVWUDWHJ\ZDVWHVWHGLQDFOLQLFDOWULDORI5(+$52%>@7KHUHVXOWVKRZHGWKDWURERWWKHUDS\LQ
FRPELQDWLRQZLWKFRQYHQWLRQDOWKHUDS\FDQEHEHQHILFLDODVQRVLJQLILFDQWGLIIHUHQFHZDVREVHUYHGLQURERWWKHUDS\JURXSDQG
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
FRQYHQWLRQDOWKHUDS\JURXS7KHSDWLHQWGULYHQFRQWUROVWUDWHJLHVKDYHEHHQLPSOHPHQWHGLQ7:UH[$50(26SULQJ>
@/([RV>@$50LQ>@8/([R>@%21(6>@3QHX:UH[>@$-%>@DQG*HQWOH*>@
7:UH[WKHUDS\V\VWHPGHOLYHUVUHKDELOLWDWLRQWUDLQLQJE\SURYLGLQJWKHJUDYLW\FRPSHQVDWLRQWRHQWLUHDUP>@:LWKQR
URERWLFDFWXDWLRQWKH7:UH[UHKDELOLWDWLRQV\VWHPLVDOZD\VSDWLHQWGULYHQ7KLVHQVXUHVWKDWWKHXVHUDOZD\VKDGWRLQLWLDWHWKH
PRYHPHQW'XHWRWKLVVHOILQLWLDWLRQRIWKHSDWLHQWWKHFOLQLFDOUHVXOWVIDYRUHG7:UH[EDVHGWKHUDS\WUDLQLQJRYHUFRQYHQWLRQDO
WUDLQLQJZLWKVWDWLVWLFDOO\VLJQLILFDQWJDLQ>@7KLVUHVXOWZDVIXUWKHUYHULILHGLQDFOLQLFDOWULDORI$50(26SULQJ$
FRPPHUFLDO YHUVLRQ RI 7:UH[ >@ ,Q /([RV WKH SDWLHQWGULYHQ VWUDWHJ\ ZDV LPSOHPHQWHG WKURXJK LPSHGDQFH FRQWURO WR
SURYLGHJXLGHGDVVLVWDQFH>@*UDYLW\VXSSRUWZDVDOVRDGGHGWRHQVXUHWKDWSDWLHQWJHWVDVHQVHRIDUPIORDWDWLRQLQVSDFH
&OLQLFDOWULDOVVKRZHGWKDWVLJQLILFDQWLPSURYHPHQWLQLPSDLUPHQWUHGXFWLRQFDQEHDFKLHYHGE\WUDLQLQJZLWK/([RV>@
,Q8/([RWKHSDWLHQWGULYHQVWUDWHJ\LVLPSOHPHQWHGZLWKDQDGPLWWDQFHFRQWURO>@+HUHJUDYLW\DQGIULFWLRQFRPSHQVDWLRQ
DUHDOVRDGGHGLQWRWKHFRQWUROVFKHPH:LWKSDWLHQWGULYHQVWUDWHJ\DFOLQLFDOWULDORI8/([RFRPSDUHGWKHHIIHFWVRIXQLODWHUDO
DQGELODWHUDOWUDLQLQJRQXSSHUOLPELPSDLUPHQW7KHUHVXOWGLGQRWVKRZDQ\VLJQLILFDQWGLIIHUHQFHEHWZHHQELODWHUDODQGXQLODWHUDO
WKHUDS\WUDLQLQJ>@7KH$50LQ>@DQG*HQWOH*V\VWHP>@FDQZRUNLQERWKURERWGULYHQDQGSDWLHQWGULYHQ
PRGH,Q$50LQWKHURERWGULYHQPRGHLVEDVHGRQSRVLWLRQFRQWURODQGWKHSDWLHQWGULYHQPRGHLVEDVHGRQLPSHGDQFHFRQWURO
'XHWRERWKURERWGULYHQDQGSDWLHQWGULYHQPRGHDSDWLHQWFDQSUDFWLFHLQWHQVLYHDQGWDVNVSHFLILFH[HUFLVHV7KHFOLQLFDOWULDOVRI
$50LQ , ,, DQG ,,, YDOLGDWHG WKLV ZLWK D VLJQLILFDQW JDLQ LQ IXQFWLRQDO DELOLWLHV DQG LPSDLUPHQW UHGXFWLRQ>  @ 7KH
*HQWOH*SURYLGHVJUDYLW\FRPSHQVDWLRQXVLQJDSXOOH\V\VWHPDQGVXSSRUW'2)PRYHPHQWVWKURXJKKDSWLFPDVWHUURERW>@
7KHFOLQLFDOWULDORI*HQWOH*FRPSDUHGFRQYHQWLRQDOWKHUDS\ZLWKURERWWKHUDS\E\IROORZLQJWZRGLIIHUHQWWUDLQLQJSURWRFROV7KH
UHVXOWVKRZHGDKLJKHUJDLQLQWKHURERWSKDVHRIWKHWUDLQLQJ>@3DWLHQWGULYHQH[RVNHOHWRQFRQWUROFDQDOVREHDFKLHYHGIURP
(0*EDVHGFRQWURO$Q(0*EDVHGFRQWURODOJRULWKPZDVFOLQLFDOO\WHVWHGZLWKDQ$FWLYH-RLQWEUDFH>@'XULQJWKHWULDO(0*
VLJQDOVZHUHPHDVXUHGIURPIOH[RUDQGH[WHQVRUPXVFOHVRIHOERZMRLQWDQGDVVLVWDQFHZDVSURYLGHGEDVHGRQWKHVHPHDVXUHPHQWV
7KHWULDOSURGXFHGFRPSDUDEOHUHVXOWVWRWKHRWKHUFRQWUROVWUDWHJ\LQGLFDWLQJWKDW(0*EDVHGFRQWUROVWUDWHJ\LVDVHIIHFWLYHDVWKH
RWKHU FRQWURO VWUDWHJ\>    @ $VVLVW DV QHHGHG $$1 VWUDWHJ\ ZDV LPSOHPHQWHG LQ 3QHX:UH[ >@ DQG
%21(6>@%RWKGHYLFHVZHUHSQHXPDWLFDOO\DFWXDWHGDQGFRYHUDZLGHUDQJHRIPRWLRQIRUWKHXSSHUOLPE$VOLGLQJDGDSWLYH
FRQWURO ZLWK JUDYLW\ FRPSHQVDWLRQV ZDV LPSOHPHQWHG LQ 3QHX:UH[>@ 7KLV DVVLVWV E\ HVWLPDWLQJ WKH SDWLHQW¶V HIIRUW E\
DSSUR[LPDWLQJ WKH SRVLWLRQGHSHQGHQW IRUFHV UHTXLUHG WR ILQLVK WKH WDVN 7KH FRQWURO VFKHPH XVHG LQ %21(6 LV VLPLODU WR
3QHX:UH[7KH3DWLHQW¶VDELOLW\WRFRPSOHWHWKHWDVNZDVHVWLPDWHGLQUHDOWLPHE\XVLQJWKHWUDFNLQJHUURUWRGULYHDFRPSXWHU
PRGHO$IRUJHWWLQJIDFWRUZDVDGGHGLQERWK3QHX:UH[DQG%21(6WRSUHYHQWVODFNLQJ7KHFOLQLFDOWULDORI3QHX:UH[DQG
%21(6VKRZHGSRVLWLYHUHVXOWVIRUDVVLVWDVQHHGHGFRQWUROVWUDWHJLHV3QHX:UH[EDVHGWUDLQLQJUHYHDOHGWKDW'WUDLQLQJZLWK
$$1 LV EHWWHU WKDQ FRQYHQWLRQDO WDEOHWRS H[HUFLVHV $ FOLQLFDO WULDO RI %21(6 VKRZHG WKDW WKHUDS\ WUDLQLQJ ZLWK %21(6 LV
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HIIHFWLYHKRZHYHUWKHUHLVQRVLJQLILFDQWFOLQLFDOEHQHILWRIVLQJOHMRLQWWKHUDS\RYHUPXOWLSOHMRLQWIXQFWLRQDOWUDLQLQJDQGYLFH
YHUVD
:KLOH PDQ\ VWXGLHV KDYH GHPRQVWUDWHG WKDW WUDLQLQJ ZLWK GLIIHUHQW FRQWURO VWUDWHJLHV UHGXFHV PRWRU LPSDLUPHQW DV
DVVHVVHGZLWKYDULRXVRXWFRPHPHDVXUHVWKHRQO\VLJQLILFDQWUHVXOWVREVHUYHGLVWKDWSDWLHQWGULYHQFRQWUROVWUDWHJ\ZLWKRU
ZLWKRXWURERWLFDFWXDWLRQLVPRUHEHQHILFLDO7KLVFRXOGEHGXHWRWKHLQWHQVHHIIRUWSXWLQE\SDWLHQWVUHVXOWLQJLQLPSDLUPHQW
UHGXFWLRQDQGPRWRUUHFRYHU\7KHUHIRUHLWFDQEHVDLGWKDWSDWLHQWGULYHQVWUDWHJ\LVEHWWHUWKDQDURERWGULYHQVWUDWHJ\WRWKH
GXHLQKHUHQWVHOILQLWLDWLRQSURSHUW\RIWKLVPHWKRG+RZHYHUZKLFKFRQWUROVFKHPHZLWKSDWLHQWGULYHQVWUDWHJ\3RVLWLRQ
FRQWURO,PSHGDQFHDQG$GPLWWDQFH$VVLVWDVQHHGHG(0*RUJUDYLW\VXSSRUWLVPRUHHIIHFWLYHIRUDFHUWDLQXSSHUOLPE
GLVDELOLW\LV\HWWREHGHWHUPLQHGDQGVKRXOGEHWKHWRSLFRIIXWXUHFOLQLFDOWULDOV

7$%/(, 
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([RVNHOHWRQ $FWXDWHG'2) $FWXDWRUV &RQWURO6WUDWHJ\ ,Q&RPSDULVRQWR&RQYHQWLRQDOWKHUDS\
7:UH[>@ '2) /3 3DWLHQWGULYHQZLWKJUDYLW\
FRPSHQVDWLRQ
(IIHFWLYH
$FWLYH-RLQW
%UDFH>@
'2) (0 3DWLHQW'ULYHQZLWK(0*VLJQDOV (IIHFWLYH
5(+$52%>@ '2) (0 5RERWGULYHQ &RPSDUDEOH
/([RV>@ '2) (0 3DWLHQWGULYHQZLWKLPSHGDQFHFRQWURO (IIHFWLYH
$50LQ>@ DQG'2)IRU$50LQ
,,,DQG,,,UHVSHFWLYHO\
(0 5RERWGULYHQZLWKSRVLWLRQFRQWURODQG
SDWLHQWGULYHQZLWKLPSHGDQFHFRQWURO
(IIHFWLYH
3QHX:UH[>@ '2) 30$ 3DWLHQWGULYHQZLWK$VVLVWDVQHHGHG (IIHFWLYH
$50(2
6SULQJ>@
'2) /3 3DWLHQWGULYHQZLWKJUDYLW\
FRPSHQVDWLRQ
(IIHFWLYH
8/(;2>@
%21(6>@
'2)
'2)
(0 5RERWGULYHQZLWKDGPLWWDQFHFRQWURO (IIHFWLYH
30$ 3DWLHQWGULYHQZLWK$$1 (IIHFWLYH
*HQWOH*>@ $FWLYHDQGSDVVLYH
'2)
/3DQG
(0
5RERWDQGSDWLHQWGULYHQZLWKJUDYLW\
FRPSHQVDWLRQ
(IIHFWLYH
7:UH[>@ '2) /3 3DWLHQWGULYHQZLWKJUDYLW\
FRPSHQVDWLRQ
(IIHFWLYH
$FWLYH-RLQW
%UDFH>@
'2) (0 3DWLHQW'ULYHQZLWK(0*VLJQDOV (IIHFWLYH
/3 /LQHDU6SULQJ(0 (OHFWULFPRWRU30$ 3QHXPDWLFPXVFOHDFWXDWRUV
,9 &/,1,&52%27$66,67('5(+$%,/,7$7,21
2QO\VHYHQWHHQSDSHUVUHODWHGZLWKH[RVNHOHWRQDVVLVWHGUHKDELOLWDWLRQKDYHUHSRUWHGWKHFOLQLFDOWULDOGDWDLQFOXGLQJ
SDWLHQWVPHWWKHLQFOXVLRQFULWHULDDVVKRZQLQ7$%/(,,2XWRIVHYHQWHHQHLJKWVWXGLHVZHUHUDQGRPFRQWUROWULDOVILYH
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VWXGLHVZHUHEHIRUHDIWHU%$VWXGLHVDQGUHPDLQLQJVWXGLHVZHUHVLQJOHFDVHWULDO6&66RPHRIWKHVHVHOHFWHGVWXGLHV
IRFXVHG RQ H[RVNHOHWRQ DVVLVWHG WKHUDS\ YHUVXV FRQYHQWLRQDO WKHUDS\PHWKRG>   @$QRWKHU VWXGLHV
ORRNHGDWWKHHIIHFWVRIWKHLQGLYLGXDOURERWLFGHYLFHRQXSSHUOLPEUHKDELOLWDWLRQIROORZLQJVWURNH>
@7ZRVWXGLHVFRPSDUHGWKHELODWHUDOWUDLQLQJPHWKRGZLWKXQLODWHUDOWUDLQLQJXVLQJH[RVNHOHWRQGHYLFH>@2QH
VWXG\ IRFXVHGRQHIIHFWVRI(0*EDVHGH[RVNHOHWRQGHYLFH IRUXSSHU OLPEUHKDELOLWDWLRQ >@&RQWUROJURXSSHUIRUPHG
VHOIUDQJHRI PRYHPHQW LQFOXGLQJ VWUHQJWK WUDLQLQJ JUDYLW\ VXSSRUW ZDV SURYLGHG([SHULPHQWDO JURXS SHUIRUPHG WKUHH
UHSHWLWLRQVRIWKHUDS\JDPHVDYDLODEOHZLWK7:UH[LQ>@7KHQLQ>@ WKHVXEMHFWSHUIRUPHGUHDFKLQJ WDVNRI
WDUJHWVSRVLWLRQHGDWWKHHGJHRIWKHZRUNVSDFH7DUJHWVZHUHGHILQHGDWGLIIHUHQWKHLJKWVORZHVWKHLJKWFRUUHVSRQGHGWRVKRXOGHU
IOH[LRQH[WHQVLRQDWGHJUHHV7KHKLJKHVWWDUJHWZDVFPKLJKIURPDFURPLRQ:KLOHLQ>@WKHVXEMHFWVZHUHGLYLGHGLQWRWKH
WZRJURXSVWKHFRQWUROJURXSDQGWKHRWKHURQHZLWK7:UH[7:UH[JURXSUHFHLYHGDVVLVWDQFHIURPURERWGXULQJWKHVHVVLRQDQG
FRQWUROJURXSUHFHLYHGDVVLVWDQFHIURPDWUDLQHGWKHUDSLVW$GHILQHGVHWRIIXQFWLRQDOO\RULHQWHGXSSHUH[WUHPLW\WDVNVWDLORUHGWR
HDFKVXEMHFW¶VPRWRUDELOLWLHV VXFKDVPRYLQJEORFNV IURPRQHDUHD WR DQRWKHURU WXUQLQJD OLJKWVZLWFKRQDQGRII >@)RU
5(+$52%VXEMHFWZHUHUDQGRPO\DOORFDWHGLQWRWZRJURXSVFRQWURODQGH[SHULPHQWDODQGERWKJURXSVUHFHLYHG%REDWKWKHUDS\
7KHH[SHULPHQWDOJURXSDOVRUHFHLYHGDGGLWLRQDOPLQXWHVRIURERWWKHUDS\>@,QWKHH[SHULPHQWVRI/([RVVXEMHFWVXVXDOO\
SHUIRUPWKUHHW\SHVRIPRYHPHQWVLHUHDFKLQJWDVNSDWKIROORZLQJDQGREMHFWPDQLSXODWLRQ>@7KHQ3DVVLYHDQGDFWLYHWKHUDS\
ZDV SURYLGHG$FWLYH WKHUDS\ LQFOXGHG YLUWXDOEDOO FDWFKH[HUFLVH DQG ODE\ULQWK JDPHDQGKH WUDLQLQJ FRQVLVWHGRI WKUHHSDUWV
UHDFKLQJVROYLQJFXEHSX]]OHVDQGHYDOXDWLRQSDUW>@7KHSHUIRUPDQFHZDVMXGJHGEDVHGRQWLPLQJDQGVPRRWKQHVV:KLOH
WKH WUDLQLQJ VHVVLRQ FRQVLVWHG RI JRDO GLUHFW UHDFKLQJ PRYHPHQW SHUIRUPHG E\ WKH VXEMHFW >@ 7KH ILUVW H[HUFLVH ZDV SRLQW
UHDFKLQJWDVNWKHVHFRQGH[HUFLVHZDVGUDZLQJDFLUFXODUSDWKLQ95DQGWKLUGH[HUFLVHVXEMHFWZDVDVNHGWRFRPSOHWHWKHSX]]OH
XVLQJFXEHV)RUWKHILUVWYHUVLRQ$50LQ,RIWKHXSSHUOLPEH[RVNHOHWRQVHULHV$50LQILUVWIHZPLQXWHVZHUHVSHQWE\WKH
WKHUDSLVWWRVHOHFWSDWLHQWVSHFLILFPRYHPHQWXVLQJWHDFKDUHSHDWSURFHGXUH>@7KHQWKHUHPDLQLQJWLPHZDVXVHGIRUDFWLYH
WUDLQLQJDQGWKHVXEMHFWZLWK$50LQ,,RU$50LQ,,KDVWRPRYHKLVOLPEWRFDWFKDEDOOVKRZQRQDYLGHRVFUHHQ>@
6XEMHFWVZHUHUDQGRPO\DVVLJQHGZLWKDUDWLRRIWRHLWKHUUHFHLYHURERWLFRUFRQYHQWLRQDOWKHUDS\5RERWJURXSSHUIRUPHGWKUHH
W\SHRI DFWLYLWLHV LHPRELOL]DWLRQ JDPHV DQG WUDLQLQJ IRU$'/ &RQWUROJURXSXQGHUZHQW FRQYHQWLRQDO WKHUDS\ WUDLQLQJ )RU
DQRWKHUYHUVLRQ$50(26SULQJ WKH WUHDWPHQWSURWRFRO IRUFRQVLVWHGRI LQWHQVLYH WKHUDS\VHVVLRQV([HUFLVHSURJUDPZDV
PRGLILHGE\SK\VLRWKHUDSLVWIRUHDFKSDWLHQW>@)RU8/(;26VXEMHFWVZHUHGLYLGHGLQWRWKUHHJURXSVDFWXDO7657YLUWXDO
7657ZLWKXQLODWHUDODQGYLUWXDO7657ZLWKELODWHUDOEDVHGRQWKHW\SHRILQWHUYHQWLRQWKH\ZRXOGUHFHLYH>@7KHYLUWXDOWDVN
ZDVSUDFWLFHGZLWK8/([RDQGWKHDFWXDOWDVNLQYROYHGWUDLQHGSK\VLFDOWKHUDSLVW'XULQJWKHHDUO\SKDVHRIWKHVWXG\VXEMHFW
SOD\HGYLGHRZLWKGHIDXOWWDVNVIORZHUPLQXWHVMRLQWPRYHPHQWPLQXWHVSDLQWPLQXWHVDQGUHDFKPLQXWHV>@
+RZHYHUDVWKHVWXG\SURJUHVVHGWKH\HLWKHUSOD\HGRGGJDPHVRUHYHQJDPHVGHSHQGLQJRQWKHLUYLVLWQXPEHU,QWKHH[SHULPHQWV
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RI%21(6VXEMHFWVZHUHUDQGRPL]HGWRHLWKHUUHFHLYHVLQJOHMRLQWWUDLQLQJRUPXOWLSOHMRLQWWUDLQLQJEDVHGRQWZRDSSURDFKHV$%
VLQJOHMRLQWILUVWRU%$PXOWLMRLQWILUVW>@6-7FRQVLVWHGRIWUDFNLQJ'XSSHUOLPESKDQWRPZLWKRQH'2)DFWXDWHGDWDWLPH
0-7 FRQVLVWHG RI  PLQXWHV RI JDPHV VLPXODWLQJ IXQFWLRQDO DFWLYLWLHV DQG  PLQXWHV RI 6-7 $%%$ FURVVRYHU GHVLJQ
*(17/(* ZLWK VXEMHFW ZDV GLYLGHG LQWR WZR JURXSV 3KDVH $ FRQVLVW RI URERW WKHUDS\ LQ FRPELQDWLRQ ZLWK FRQYHQWLRQDO
WKHUDS\ DQG LQ SKDVH % VXEMHFWRQO\ UHFHLYHGFRQYHQWLRQDO WKHUDS\ >@7$%/( ,, FRPSDUHV WKH FOLQLFDO WULDOVZLWK GHWDLO
LQIRUPDWLRQDERXWHDFKVWXG\7$%/(,,LQFOXGHVLQIRUPDWLRQRQIRFXVDQGDLPRIWKHH[SHULPHQWLQWHUYHQWLRQSURYLGHG
GXULQJWKHWULDORXWFRPHPHDVXUHUHVXOWVDQGDVVXPSWLRQVEDVHGRQWKHUHVXOWV
7$%/(,, 
&/,1,&$/52%27$66,67('5(+$%,/,7$7,2175,$/6
5RERWLFGHYLFH )RFXV ,QWHQVLW\ 2XWFRPH $VVXPSWLRQV
7:UH[>@ 5RERWDVVLVWHGWUDLQLQJ
YHUVXV&RQYHQWLRQDO
WUDLQLQJ
KRXUWLPHVSHU
ZHHNIRUHLJKWRU
QLQHZHHNV
7KHVXEMHFWLQERWKJURXSVVKRZHG
LPSURYHPHQWEXWDFRPSDULVRQRI
SUHDQGSRVWWUHDWPHQW)0
EHWZHHQJURXSVGLGVKRZDQ\
VLJQLILFDQWGLIIHUHQFH
5RERWEDVHGWUDLQLQJFDQ
EHDVHIIHFWLYHDV
FRQYHQWLRQDOWUDLQLQJ
$FWLYH-RLQW
%UDFH>@
(IIHFWVRI(0*EDVHG
([RVNHOHWDOURERWLF
EUDFH
KRXUVSHUZHHN
KRXUVGXULQJ
ZHHNV
$OOVXEMHFWUHSRUWHGLPSURYHPHQW
LQ)0DQG0$66HYHUHO\
LPSDLUHGSDWLHQWZDVDOVRDEOHWR
FRQWUROGHYLFHZLWK(0*VLJQDO
(0*SRZHUHGGHYLFHZDV
HIIHFWLYHDQGFDQLPSURYH
PRWRUIXQFWLRQ
5(+$52%>@ 8VHIXOQHVVRI
5(+$52%
VHVVLRQVRI
PLQXWHVIRUERWK
JURXSSOXV
PLQXWHVH[WUDIRU
WKHH[SHULPHQWDO
JURXS
%RWKJURXSVVKRZHGLPSURYHPHQW
RQDOOFOLQLFDOVFRUHV
5RERWWKHUDS\LQ
FRPELQDWLRQZLWK
WUDGLWLRQDOWKHUDS\LV
XVHIXO
/([RV>@ (IIHFWVRI/([RVRQ
XSSHUOLPE
UHKDELOLWDWLRQ
KRXUWLPHVSHU
ZHHNIRUVL[ZHHNV
,PSURYHPHQWVLQ)0VFRUH
DYHUDJHLQFUHPHQWRI
,PSURYHPHQWVLQ0$6DQG520
IRUHOERZDQGZULVW
8SSHUOLPE([RVNHOHWRQ
ZLWK95FDQKHOSUHGXFH
LPSDLUPHQWV
7:UH[>@ ,PSURYLQJUHDFKLQJ
ZRUNVSDFHZLWK
7:UH[
VHVVLRQVZLWK
WULDOLQDVHVVLRQ
6XEMHFW¶VSUR[LPLW\WRWDUJHW
UHGXFHGDQGVXEMHFWFDQQRZPRYH
FORVHUWRWDUJHWDQGVDZ
GHFUHDVHLQWKHDYHUDJHMHUN
,PSURYHGZRUNVSDFHDQG
VPRRWKPRYHPHQWZLWK
7:UH[EDVHGWKHUDS\
7:UH[>@ 5RERWWUDLQLQJE\
7:UH[ZLWK
FRQYHQWLRQDOWUDLQLQJ
KRXUWLPHVSHU
ZHHNIRUWR
ZHHNV
%RWKJURXSVJDLQHGLPSURYHPHQW
LQ)04XDOLW\RIPRYHPHQWDQG
IUHHUHDFKLQJ5207:UH[JURXS
VKRZHGPXFKVLJQLILFDQW
LPSURYHPHQWLQ)0WKDQWKH
FRQWUROJURXS
5RERWDVVLVWHGWKHUDS\
KDVDVOLJKWEHQHILWRYHU
FRQYHQWLRQDOWUDLQLQJ
$50LQ,>@ (IIHFWVRIH[RVNHOHWRQ
URERWRQPRWRU
UHFRYHU\
6XEMHFWDQG
RQHKRXUVHVVLRQ
SHUZHHN
6XEMHFWKDVRQH
KRXUVHVVLRQSHU
ZHHN
)0VFRUHRIDOOWKUHHVXEMHFWV
VKRZHGDJDLQRIDQG
UHVSHFWLYHO\$FWLYH5DQJHRI
0RWLRQDOVRLPSURYHGIRUDOOWKH
VXEMHFWV$OOVXEMHFWVKRZHG
LPSURYHGSHUIRUPDQFHRQ
FRRUGLQDWLRQWHVW
7KHH[RVNHOHWRQURERWKDG
DSRVLWLYHHIIHFWRQWKH
VXEMHFW¶VDUPPRYHPHQW
FRRUGLQDWLRQIXQFWLRQDO
WDVNDQG520DQG
PXVFOHVWUHQJWK
$50LQ,,>@ ,QWHQVLYHDUPWUDLQLQJ
DQGPRWRULPSDLUPHQW
(YDOXDWLQJHIIHFWRI
6XEMHFWDQG
KRXUSHUZHHN
6XEMHFWDQG
7KHJDLQLQ)0DQG:0)7IURP
EDVHOLQHWRPRQWKVIROORZXS
7KLVJDLQVXJJHVWWKDWURERWLF
,QWHQVLYHWDVNWUDLQLQJLQ
HIIHFWLYHDQGFDQOHDGWR
LPSURYHPHQWLQPRWRU
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/([RV>@ URERWDVVLVWHGWUDLQLQJ KRXUVSHUZHHN WKHUDS\FDQVLJQLILFDQWO\LQIOXHQFH
RXWFRPH
IXQFWLRQ
1RWDYDLODEOH ,PSURYHPHQWLQ)0IURPWR

,PSURYHGTXDOLW\DQG
VPRRWKQHVVRIPRYHPHQW
DQGUHGXFHGWLPLQJ
/([RV>@ 5HVWRUDWLRQRIPRWRU
IXQFWLRQLQVSDWLDO
UHDFKLQJPRYHPHQW
XVLQJH[RVNHOHWRQ
KRXUWLPHVSHU
ZHHNIRUVL[ZHHNV
7KHJDLQLQ)0DQG0$6VFRUH$
SRVLWLYHHIIHFWLQPRYHPHQW
H[HFXWLRQVPRRWKQHVVDQG5DQJH
,PSURYHGPRWRUIXQFWLRQ
DQGUHGXFHGVSDVWLFLW\GXH
WRURERWWUDLQLQJ
3QHX:UH[>@ (YDOXDWLQJDVVLVWDV
QHHGHGPHWKRGWR
LPSURYHXSSHUOLPE
IXQFWLRQ
KRXUWLPHVSHU
ZHHNIRUZHHNV
$VLJQLILFDQWJDLQLQ)0LQ
H[SHULPHQWDOJURXSRYHUWKH
FRQWUROJURXS6LPLODU
LPSURYHPHQWLQ16$DQG0$/
420DQG%	%WHVW
5RERWLFDVVLVWDQFHZLWK
$VVLVWDVDQHHGHGPHWKRG
LQWKH'YLUWXDOWDVNLV
PRUHHIIHFWLYHWKDQWKH
FRQYHQWLRQDOPHWKRG
$50(2
6SULQJ>@
$UPHR6SULQJEDVHG
UHKDELOLWDWLRQ
KRXUWLPHVD
ZHHNIRUZHHNV
$QDO\VLVRIWKHUHVXOWVKRZHG
VLJQLILFDQWLPSURYHPHQWRQDOO
FOLQLFDOVFDOHVZLWKDJDLQLQERWK
IXQFWLRQDQGDFWLYLW\VFDOH
5RERWLFGHYLFHLVHIIHFWLYH
HYHQORQJWLPHDIWHUVWURNH
8/(;26>@ &RPSDUHWDVNVSHFLILF
WUDLQLQJE\DURERWZLWK
WUDLQLQJE\DSK\VLFDO
WKHUDSLVW
VHVVLRQSHUZHHN
IRUZHHNV
6LJQLILFDQWLPSURYHPHQWLQ)0
VFRUHVDQGUDQJHRIPRWLRQIRUDOO
JURXSV7KHURERWJURXSVDQG
DFWXDOWDVNJURXSDFKLHYHGVLPLODU
JDLQVZLWKQRGLIIHUHQFHEHWZHHQ
XQLODWHUDODQGELODWHUDOURERW
JURXS
,QWHQVLYHWDVNVSHFLILF
WUDLQLQJZLWKURERWDQG
ZLWKRXWURERWDFKLHYHG
VLPLODUUHVXOWV
8/(;26>@ 8QLODWHUDOY%LODWHUDO
WUDLQLQJ
PLQXWHVWLPHV
SHUZHHNIRU
ZHHNV
7KHXQLODWHUDOJURXSKDG
LPSURYHPHQWLQSUR[LPDODUHDDQG
WKHELODWHUDOJURXSKDGLQWKHGLVWDO
DUHD%LODWHUDOLPSURYHGZULVWMRLQW
PRYHPHQWSDLQWHGDUHDDQG
HIILFLHQF\LQGH[DQGXQLODWHUDOKDG
LPSURYHPHQWLQWUDYHOGLVWDQFH
1RVLJQLILFDQWGLIIHUHQFH
LQELODWHUDODQGXQLODWHUDO
WUDLQLQJPHWKRG
$50LQ,,,>@ (IIHFWVRIWDVNVSHFLILF
'WUDLQLQJDQGLWV
ORQJWHUPHIIHFWVRQ
LPSDLUPHQWDQG
DFWLYLWLHV
KRXUWLPHVSHU
ZHHNIRUZHHNV
+LJKHU)0$8(JDLQVLQURERW
JURXS)ROORZXSVKRZHGWKDW
5RERWJURXSUHPDLQHGIDLUO\VWDEOH
EXWWKRVHLQFRQWUROVKRZHG
LPSURYHPHQWDQGWKHLU)0$8(
VFRUHUHDFKHGDVLPLODUOHYHOWRWKDW
RIURERWJURXSDIWHUZHHNV
5RERWLFWKHUDS\VKRZHG
VOLJKWO\EHWWHUUHVXOW
KRZHYHUGLIIHUHQFH
EHWZHHQWKHWZRPHWKRGV
ZDVQRWVWDWLVWLFDOO\
VLJQLILFDQW
%21(6>@ (YDOXDWHWKH
SHUIRUPDQFHRIWKH
GHYLFHLQUHGXFLQJ
LPSDLUPHQWDQGVLQJOH
MRLQWWUDLQLQJYHUVXV
PXOWLSOHMRLQWWUDLQLQJ
KRXUWLPHVSHU
ZHHNIRUHLJKW
ZHHNV
1RGLIIHUHQFHEHWZHHQJURXSV
H[FHSWIRU%%7JULSVWUHQJWKDQG
VWUHQJWKRIVKRXOGHU$%DSSURDFK
VKRZHGJUHDWHUFDUU\RYHUHIIHFW
ZKHQDQDO\]HGXVLQJ+LOO
$UPLWDJHDSSURDFKKRZHYHU
LQGHSHQGHQWWWHVWVKRZHGQR
GLIIHUHQFHEHWZHHQWKHP
,PSURYHGPRWRUIXQFWLRQ
E\WUDLQLQJZLWK
H[RVNHOHWRQEXWQR
VLJQLILFDQWGLIIHUHQFH
EHWZHHQ6-7DQG0-7
*(17/(*>@ (IIHFWRIURERWDVVLVWHG
UHDFKDQGJUDVSWKHUDS\
KRXUWLPHVD
ZHHNIRUZHHNV
)0$VFRUHIRUHDFKVXEMHFW
VKRZHGLPSURYHPHQW+LJKHUJDLQ
LQURERWPHGLDWHGSKDVHLQERWK
RXWFRPHPHDVXUH
5RERWPHGLDWHGWKHUDS\
ZLWKUHDFKDQGJUDVS
PHWKRGJDYHSRVLWLYH
UHVXOWVLQVXEDFXWHSKDVH

6HYHQWHHQVWXGLHVPHWWKHLQFOXVLRQFULWHULDDQGIXOODUWLFOHVZHUHGRZQORDGHGIURPWKHHOHFWURQLFUHVRXUFHV6HYHUDOSDSHUV
UHSRUWLQJFOLQLFDOWULDOVRIWKHHQGHIIHFWRUEDVHGGHYLFHZHUHUHMHFWHGEDVHGRQWKHH[FOXVLRQFULWHULD7KHSDSHUVLQFOXGHGLQWKH
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UHYLHZUHSRUWHGWKHUHVXOWVRIFOLQLFDOVWXGLHVRIURERWDVVLVWHGXSSHUOLPEUHKDELOLWDWLRQXVLQJDQH[RVNHOHWRQGHYLFH7KHEDVHOLQH
FKDUDFWHULVWLFVRIVXEMHFWVWKDWSDUWLFLSDWHGLQWKHVHVWXGLHVDUHJLYHQLQ7$%/(,,,
7$%/(,,, 
%$6(/,1(&+$5$&7(5,67,&62)&/,1,&$/75$,/
5RERWLFGHYLFH 1XPEHURI3DUWLFLSDQWV
6WURNH
6WDJH
6WXG\
'HVLJQ $JH\UV
3RVWVWURNH
7LPHPRQWKV
%DVHOLQH
$VVHVVPHQW
0HDVXUH
7:UH[>@  &KURQLF 5&7   )0
$FWLYH-RLQW
%UDFH>@  &KURQLF %$   )00$6
5(+$52%>@  &KURQLF 5&7 &7DQG57
&7DQG57
 )0
/([RV>@  &KURQLF %$ 1$ 1$ )0
7:UH[>@  &KURQLF 5&7   &06$
7:UH[>@  &KURQLF 5&7 &7DQG57
&7DQG
57 )0
$50LQ,>@  &KURQLF 6&6 	  )0$605&
$50LQ,,>@
/([RV>@


&KURQLF 6&6   )0:0)7
&KURQLF %$   )00$6
/([RV>@  &KURQLF %$   )00$6
3QHX:UH[>@  &KURQLF 5&7 57&7 &7DQG57
)05DQFKROHYHO
1RWWLQJKDP
6HQVRU\
$50(2
6SULQJ>@  &KURQLF 6&'   )0
8/(;26>@  &KURQLF 5&7
&7578
DQG57%

&7
578
57%
)0
8/(;26>@  &KURQLF 5&7 1$ 1$ )0
$50LQ,,,>@  &KURQLF 5&7 &757
&7
57 )0:0)7
%21(6>@  &KURQLF %$   )0%R[DQG%ODFN:0)7
*(17/(*>@  6XE$FXWH 6&6   )00$6

6HYHQWHHQFOLQLFDOWULDOVKDYHEHHQFRQGXFWHGIRUXSSHUOLPEUHKDELOLWDWLRQXVLQJH[RVNHOHWRQURERW7KUHHWULDOVZHUHFRQGXFWHG
ZLWKHDFKRI7:UH[>@DQG/([RV>@WZRWULDOZHUHFRQGXFWHGZLWK8/([R>@DQG$50LQ>@
DQGRQHWULDOZLWK$UPHR6SULQJ>@3QHX:UH[>@$50LQ,,,>@%21(6>@5(+$52%>@*(17/(*>@DQG
DFWLYHMRLQWEUDFHV\VWHP>@
7KUHH FOLQLFDO WULDOV ZHUH FRQGXFWHG ZLWK 7:UH[ V\VWHP>  @ 7KHVH WULDOV SURGXFHG D SRVLWLYH RXWFRPH DV UHVXOWV
VKRZHG WKDW UHSHWLWLYH WUDLQLQJ FRXOG OHDG WR D UHGXFWLRQ LQ LPSDLUPHQW>@ LPSURYHPHQW LQ ZRUNVSDFH DQG VPRRWKQHVV RI
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PRYHPHQW>@ :KHQ DQDO\]HG ZLWK FRPSDUDEOH FRQYHQWLRQDO WKHUDS\ UHVXOWV VKRZHG WKH RQO\ PRGHVW GLIIHUHQFH LQ IDYRU RI
7:UH[DVVLVWHGWKHUDS\$FRPPHUFLDOYHUVLRQRI7:UH[FDOOHG$50(26SULQJZDVDOVRWHVWHGLQDFOLQLFDOWULDO>@7KHWULDO
VKRZHGWKDWWKHUDS\SURPRWHGUHFRYHU\ZLWKLPSURYHPHQWLQIXQFWLRQRIXSSHUOLPEDQGDFWLYLW\VFDOHRIXSSHUOLPE>@7KUHH
FOLQLFDO WULDOVZHUH DOVR FRQGXFWHG ZLWK /([RV>@7KH WDVNV SHUIRUPHGZLWK/([RVZHUHYHU\ VLPLODU DFURVV WKUHH
VWXGLHV5HVXOWVVKRZHGDUHGXFWLRQLQLPSDLUPHQWFDQEHDFKLHYHGZLWK/([RV>@2WKHUEHQHILWVRIWUDLQLQJZLWK/([RV
ZHUHLQFUHDVHGLQWKHUDQJHRIPRWLRQ>@LPSURYHGVPRRWKQHVVRIWKHPRYHPHQWLQFUHDVHGDFWLYHMRLQW520DQGGHFUHDVHGWKH
WLPHUHTXLUHGWRFRPSOHWHWKHPRYHPHQW>@7ZRVWXGLHVFRPSDUHGXQLODWHUDODQGELODWHUDOWUDLQLQJPHWKRGXVLQJ8/([RV>
@%RWKVWXGLHVGLGQRWUHSRUWDQ\VWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHEHWZHHQWKHVDLGPHWKRGV>@0RUHRYHULWZDVREVHUYHG
WKDWLQWHQVLYHWDVNWUDLQLQJZLWKRUZLWKRXWURERWUHSRUWHGDVLPLODUOHYHORILPSURYHPHQW>@$50LQH[RVNHOHWRQZDVXVHGLQ
WKUHHFOLQLFDOVWXGLHV>@$FOLQLFDOWULDORI$50LQ,DQG$50LQ,,ZHUHVLQJOHFDVHVWXGLHVZLWKRQO\DQG3DWLHQWV
UHVSHFWLYHO\>@0HDQZKLOHWULDORI$50LQ,,,ZDVDUDQGRPL]HGFRQWUROOHGWULDOZLWKVWURNHSDWLHQWV>@5HVXOWVRIWZR
VLQJOHFDVHVWXGLHVVKRZHGWKDWWZRYHUVLRQVRI$50LQ([RVNHOHWRQDUHHIIHFWLYHZLWKLPSURYHPHQWLQPRYHPHQWFRRUGLQDWLRQ
520DQGVWUHQJWK>@$GHWDLO5&7ZLWKDQXSGDWHGYHUVLRQRI$50LQ $50LQ ,,, UHSRUWHG QR VLJQLILFDQWGLIIHUHQFH
EHWZHHQFRQYHQWLRQDOUHKDELOLWDWLRQDQG$50LQDVVLVWHGWUDLQLQJ>@$FOLQLFDOWULDORI%21(6FRPSDUHGVLQJOHMRLQWWUDLQLQJ
YHUVXVPXOWLSOHMRLQWWUDLQLQJ>@7KHUHVXOWVKRZHGWKHEHQHILWRIWUDLQLQJZLWK%21(6H[RVNHOHWRQZLWKLPSURYHPHQWLQFOLQLFDO
VFRUHVKRZHYHUQRGLIIHUHQFHZDV UHSRUWHGEHWZHHQVLQJOHMRLQWDQGPXOWLSOHMRLQW WUDLQLQJ$VLJQLILFDQWGLIIHUHQFHEHWZHHQ
FRQYHQWLRQDO DQG URERWDVVLVWHG WKHUDS\ ZDV REVHUYHG LQ D FOLQLFDO WULDO RI 3QHX:UH[ D SQHXPDWLFDOO\ DFWXDWHG YHUVLRQ RI
7:UH[>@,QWKLVVWXG\VXEMHFWLPSURYHGWKHLUXSSHUOLPEZLWKDUHGXFWLRQLQLPSDLUPHQWZLWKWKHUDS\EDVHGRQDQDVVLVWDVD
QHHGHGSDUDGLJPDQG'YLUWXDOWDVNV>@$Q(0*EDVHGGHYLFHIRUHOERZMRLQWZDVWHVWHGLQDQXQFRQWUROOHGFOLQLFDOWULDO7KH
WULDOSURGXFHGFRPSDUDEOHUHVXOWVWRWKHRWKHUFRQWUROVWUDWHJ\LQGLFDWLQJWKDW(0*EDVHGFRQWUROVWUDWHJ\LVDVHIIHFWLYHDVWKHRWKHU
FRQWUROVWUDWHJ\>@$FOLQLFDOWULDORI*HQWOH*V\VWHPFRPSDUHGURERWDVVLVWHGWKHUDS\ZLWKFRQYHQWLRQDOWKHUDS\>@%RWK
W\SHVRIWKHUDS\WUHDWPHQWVZHUHJLYHQWRVHWRISDWLHQWV5HVXOWVLQGLFDWHGLPSURYHPHQWLQERWKSKDVHVKRZHYHUJDLQDFKLHYHG
GXULQJWKHURERWSKDVHZDVKLJKHU>@
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7KHSHUIRUPDQFHDQGWKHUHFRYHU\RIWKHSDWLHQWVZRXOGVXIIHULIWKHSDWLHQWLVQRWPRWLYDWHGDQGRUVDWLVILHGZLWKWKHURERWLF
UHKDELOLWDWLRQ7KHUHIRUHLWLVLPSRUWDQWWRFRQVLGHUSDWLHQWIHHGEDFNGXULQJDQGDIWHUDFOLQLFDOWULDO2QO\DIHZFOLQLFDOVWXGLHV
FROOHFWHGIHHGEDFNDWWKHHQGRIWKHFOLQLFDOWULDO$Q5&7GRQHZLWK7:UH[FROOHFWHGSDWLHQW¶VIHHGEDFNDWWKHHQGRIWKHWULDOLQ
WKHIRUPRIVXUYH\>@7KHVXUYH\VKRZHGWKDWSDWLHQWFRQVLGHUHGURERWLFWKHUDS\WREHPRUHHIIHFWLYHDQGIXQFWLRQDO7KH
SDWLHQW DVVLJQHG WR7:UH[JURXSFRQVLGHUHG URERW WKHUDS\ WREH OHVV ERULQJEXWPRUHHIIHFWLYH$URXQGSDWLHQWV LQ WKH
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FRQYHQWLRQDOJURXSDOVRH[SUHVVHGVLPLODUYLHZV3DWLHQWVDOVRJDYHVLPLODUIHHGEDFNLQDVWXG\FRQGXFWHGZLWK3QHX:UH[>@$
FRPSDUDEOHVXUYH\ZDVDOVRFRQGXFWHGZLWKDFOLQLFDOWULDORI%21(6>@7KHVXUYH\VKRZHGWKDWSDWLHQWDSSUHFLDWHGWKHURERWLF
WKHUDS\ZLWKDQGUDWLQJJDYHE\DQGSDWLHQWVUHVSHFWLYHO\IRUWKHLPSURYHPHQWLQWKHLUDIIHFWHGXSSHUOLPE:KHQ
DVNHGDERXW WKHLUSUHIHUHQFHEHWZHHQVLQJOHMRLQW WUDLQLQJYHUVXVPXOWLSOH MRLQW WUDLQLQJRYHUUDWHGERWK WUDLQLQJPHWKRG
HTXDOO\7KLVZDVFRKHUHQWZLWKFOLQLFDOUHVXOWVZKLFKIRXQGQRVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHP$TXHVWLRQQDLUHZDVXVHGLQ
WKHFOLQLFDOVWXG\ZLWK$50LQ,,>@,QWKHTXHVWLRQQDLUHWKHSDWLHQWUHSRUWHGSURJUHVVRIDIIHFWHGXSSHUH[WUHPLW\7KH\UHSRUWHG
URERWWKHUDS\WREHPRUHHQFRXUDJLQJDQGWKH\ZHUHNHHQHUWRHPSOR\WKHLUDIIHFWHGDUPLQZD\RIOLIH7KH\ZHUHDEOHWROLIWWKHLU
DUPWRDKLJKHUSRVLWLRQDVWKH\IHHOLWEHFDPHOLJKWHUDQGOHVVVWLII
(YHQWKRXJKQRWDOOFOLQLFDOWULDOFROOHFWHGSDWLHQWIHHGEDFNDWWKHHQGRIWKHVWXG\KRZHYHUDQLQWHUHVWLQJWUHQGDSSHDUVZKHQ
IHHGEDFNZDVFROOHFWHG>@5HVXOWVLQGLFDWHWKDWPDMRULW\RISDWLHQWVHQMR\HGWKHURERWDLGHGWKHUDS\WUDLQLQJDQG
UHSRUWHGLWWREHIHZHUERULQJ>@7KLVPHDQVWKDWSDWHQWVDUHPRUHHQJDJHGDQGPRWLYDWHGGXULQJDWKHUDS\VHVVLRQ:LWK
DKLJKOHYHORIPRWLYDWLRQSDWLHQWLVRSHQWRSHUIRUPLQJVLPLODUH[HUFLVHDWXQVXSHUYLVHGVHWWLQJVXFKDVKRPH>@7KLVZLOOKHOS
LQLPSDLUPHQWUHGXFWLRQOHDGLQJWRWKHIXQFWLRQDOUHFRYHU\RIWKHLULPSDLUHGDUP6LJQLILFDQWO\KLJKSHUFHQWDJHRISDWLHQWVUHSRUWHG
WKDW URERWDLGHGWUDLQLQJ LVPRUHHIIHFWLYH DQG WKHLPSURYHPHQWJDLQHGGXULQJSK\VLFDO WKHUDS\ ZLOOEHQHILW WKHPGXULQJ WKHLU
DFWLYLWLHV RI GDLO\ OLYLQJ>   @ (YHQ SDWLHQWV DVVLJQHG WR FRQYHQWLRQDO WKHUDS\ UHSRUWHG OLNLQJ IRU URERWDVVLVWHG
WKHUDS\>@,ISDWLHQWVDUHVDWLVILHGZLWKWKHLUWKHUDS\WUDLQLQJWKHQWKH\ZLOOXVHWKHLUDIIHFWHGDUPPRUHUHDGLO\LQWKHLUGDLO\OLIH
7KLVZLOOHQVXUHWKDWWKHLUFOLQLFDOJDLQLVEHWWHUXWLOL]HGLQGDLO\OLIH+HQFHLWFDQEHVDLGURERWDVVLVWHGWKHUDS\LVDQHIIHFWLYH
PHWKRGWRSK\VLFDOWKHUDS\DQGLWNHHSVSDWLHQWVPRWLYDWHGDQGHQJDJHG
7KHILUVWDUHD\HW WREHLQYHVWLJDWHGLQDFOLQLFDOWULDOLVDFRPSDUDWLYHVWXG\EHWZHHQDQHQGHIIHFWRUURERWLFV\VWHPDQGDQ
H[RVNHOHWRQURERWLFV\VWHP%RWKHQGHIIHFWRUURERW>@DQGH[RVNHOHWRQURERW>@KDYHVKRZQ
SRWHQWLDOWRUHGXFHLPSDLUPHQWVDQGLWLVGLIILFXOWWRFRPSDUHWKHLUUHVXOWDVERWKRSHUDWHGLIIHUHQWO\$FRPSUHKHQVLYHFOLQLFDOVWXG\
LV UHTXLUHG WR LGHQWLI\ WKH SRWHQWLDO EHQHILWV RIRQH GHYLFH RYHU WKH RWKHU LQ UHGXFLQJ LPSDLUPHQW DQG LPSURYHPHQW LQ PRWRU
IXQFWLRQ )XWXUHVWXGLHVFRXOGDOVR ORRNDW WKHHIIHFWLYHQHVVRIGLIIHUHQWFRQWUROVFKHPHVVXFKDVFRPSDULQJ$VVLVWDVQHHGHG
FRQWUROZLWK(0*EDVHGFRQWURORU,PSHGDQFHDQG$GPLWWDQFHFRQWURO$WWKHPRPHQWWKHUHDUHQRVWDQGDUGJXLGHOLQHVWRPHDVXUH
WKH HIIHFWLYHQHVV RI URERWLF WKHUDS\ IRU VWURNH SDWLHQWV &OLQLFDO VWXGLHV KDYH XVHG GLIIHUHQW GHYLFHV WUDLQLQJ SURWRFROV DQG
HYDOXDWLRQFULWHULDWRMXGJHWKHSHUIRUPDQFHRIURERWLFGHYLFHRQLPSDLUPHQWUHGXFWLRQ6LQFHHYHU\SDWLHQW¶VPHGLFDOFRQGLWLRQLV
GLIIHUHQWRQHWUDLQLQJPHWKRGPD\EHVXLWDEOHIRURQHSDWLHQWEXWLQDSSURSULDWHIRURWKHUV7KLVFDQSRWHQWLDOO\OHDGWRLQDFFXUDWH
UHVXOWVWKHUHIRUHLWLVLPSRUWDQWWRGHYHORSDVWDQGDUGVHWRIJXLGHOLQHVIRUSURYLGLQJURERWDVVLVWHGWUDLQLQJ7KHVHJXLGHOLQHVPXVW
EHEURDGHQRXJKWRFRYHUYDULRXVLPSRUWDQWVWDJHVRIUHKDELOLWDWLRQ*XLGHOLQHVVKRXOGFRYHUDVSHFWVVXFKWKHUDS\H[HUFLVHVWDVNV
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OHYHODQGW\SHDVVLVWDQFHWKHLQWHQVLW\RIWUDLQLQJVWDQGDUGFOLQLFDOWHVWVWRPHDVXUHWKHHYDOXDWLRQV)RUDQ\IXWXUHWULDOWKHQXPEHU
RISDWLHQWVUHFUXLWHGVKRXOGEHKLJKWRHQVXUHWKDWOHYHORIHYLGHQFHWRVXSSRUWWKHUHVXOWVPXVWEHVWURQJ

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,Q SDVW WZRGHFDGHVPDQ\ URERWLFGHYLFHV IRUXSSHU OLPE UHKDELOLWDWLRQKDYHEHHQGHYHORSHGDQG WHVWHG 7KLVSDSHUKDV D
V\VWHPDWLFUHYLHZRQH[RVNHOHWRQURERWLFEDVHGXSSHUOLPEURERWLFV\VWHPLQFOXGLQJWKHLUPHFKDQLVPGHVLJQFRQWUROVWUDWHJLHV
DQGFOLQLFDO WULDOSHUIRUPDQFH7KHVHH[RVNHOHWRQVKDYHEHHQXVHGLQYDULRXVFOLQLFDOVWXGLHVWKDWPHDVXUHGWKHLUHIIHFWLYHQHVV
XVLQJYDULRXVFOLQLFDODQGQRQFOLQLFDOWHVWV$FOLQLFDOWULDORIH[RVNHOHWRQURERWVIRUXSSHUOLPEUHYHDOHGSRVLWLYHRXWFRPHDVWKLV
IRUPRIWKHUDS\FDQHDVLO\PDWFKDQGLQPDQ\FDVHVSURGXFHDEHWWHUUHVXOWWKDQFRQYHQWLRQDOWKHUDS\5HVXOWVDOVRLQGLFDWHGLIWKH
SDWLHQWLVDFWLYHGXULQJWKHWKHUDS\VHVVLRQWKDQWKHUHGXFWLRQLQLPSDLUPHQWZDVKLJKHU7KHUHIRUHH[RVNHOHWRQZLWKSDWLHQWGULYHQ
FRQWUROVWUDWHJ\SURGXFHGVLJQLILFDQWO\EHWWHUUHVXOWV,PSDFWRIURERWDVVLVWHGWKHUDS\ZDVQRWMXVWUHVWULFWHGWRFOLQLFDOUHVXOWV,W
ZDVIRXQGWKDWSDWLHQWSUHIHUUHGWKLVIRUPRIWKHUDS\IRXQGLWOHVVERULQJDQGPRUHHIIHFWLYH


$&.12:/('*0(17
7KLV UHVHDUFK LV IXQGHGE\ WKH1DWLRQDO1DWXUDO 6FLHQFH)RXQGDWLRQRI&KLQD 1R DQG 1R DQG WKH
([FHOOHQW'LVVHUWDWLRQ&XOWLYDWLRQ)XQGVRI:XKDQ8QLYHUVLW\RI7HFKQRORJ\1R<6
5()(5(1&(6
>@ $6*R'0R]DIIDULDQ9/5RJHU(-%HQMDPLQ-'%HUU\:%%RUGHQHWDO([HFXWLYH6XPPDU\+HDUW'LVHDVH
DQG6WURNH6WDWLVWLFV²8SGDWH$5HSRUW)URPWKH$PHULFDQ+HDUW$VVRFLDWLRQ&LUFXODWLRQYROSS

>@ < 7VXJDZD + .XPDPDUX+ <DVXQDJD + +DVKLPRWR + +RULJXFKL DQG - = $\DQLDQ 7KH DVVRFLDWLRQ RIKRVSLWDO
YROXPHZLWKPRUWDOLW\DQGFRVWVRIFDUHIRUVWURNHLQ-DSDQ0HG&DUHYROSS6HS
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>@ 711LFKROV0/XHQJR)HUQDQGH]5/HDO-*UD\$6FDUERURXJK35D\QHU0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(XURSHDQ&DUGLRYDVFXODU'LVHDVH
6WDWLVWLFV(XURSHDQ+HDUW1HWZRUN%UXVVHOV(XURSHDQ6RFLHW\RI&DUGLRORJ\6RSKLD$QWLSROLV
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ZZZVWURNHRUJQ]VWURNHIDFWVDQGIDOODFLHV
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DV\VWHPDWLFUHYLHZZLWKPHWDDQDO\VLV1HXURO6FLYROSS
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UHVXOWV
IURPDFOLQLFDOWULDOLQVXEDFXWHVWURNHLQSURF,QWHUQDWLRQDO&RQIHUHQFHRQ5HKDELOLWDWLRQ5RERWLFVSS
>@ '-5HLQNHQVPH\HU/(.DKQ0$YHUEXFK$0F.HQQD&ROH%'6FKPLWDQG:=HY5\PHU8QGHUVWDQGLQJDQG
WUHDWLQJDUPPRYHPHQWLPSDLUPHQWDIWHUFKURQLFEUDLQLQMXU\3URJUHVVZLWKWKH$50JXLGH-5HKDELO5HV'HYYRO
SS
>@ ()RUPDJJLR6)6WRUWL,%*DOD]]R0*DQGROIL&*HURLQ16PDQLDHWDO7LPH±)UHTXHQF\0RGXODWLRQRI(5'
DQG((*&RKHUHQFHLQ5RERW$VVLVWHG+DQG3HUIRUPDQFH%UDLQ7RSRJUYROSS
>@ 6 &RRWH % 0XUSK\ : +DUZLQ DQG ( 6WRNHV 7KH HIIHFW RI WKH *(17/(V URERWPHGLDWHG WKHUDS\ V\VWHP RQ DUP
IXQFWLRQDIWHUVWURNH&OLQ5HKDELOYROSS0D\
>@ 5$5&*RSXUD..LJXFKLDQG<<L68()8/$'2)XSSHUOLPEH[RVNHOHWRQURERWZLWKPXVFOHPRGHORULHQWHG
(0*EDVHGFRQWUROLQSURF6W/RXLV02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